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ABSTRACT 

PURPOSE: To provide a semiconductor integrated circuit device including a 
delay circuit capable of reducing the power supply voltage dependency of 
delay time. 

CONSTITUTION: This semiconductor integrated circuit device is provided with 
a delay circuit 1 including an inverter 13 for receiving an input signal, 
an output signal line 11 connected to the output of the inverter 13, a 
switch circuit 17 in which one end of its current path is connected to the 
signal line 11, and a capacitor 15 in which one electrode is connected to 
another end of the current path of the circuit 17 and a power supply 
voltage variation detecting circuit 9 for controlling the circuit 17. At 
the time of detecting variation in power supply voltage, the circuit 9 
turns on or off the circuit 17 and connects or. separates the capacitor 15 
to/from the signal line 11 to change the capacitance of the signal line 11 
and control the delay time of the delay circuit 1. 
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*aiai&aB. 

[Sf*«2] BiK«ffi©£l!l£*«nT*«Ml)ia»i. 
»rt©-E8lK:«S£a-e-S*S£l2l*& t c a: s 

«ii8att»ifiiMt©m^«^*ait. cowara^tcfsu so 

fc***JPWWMWellM*B. 

lfflE£SI3&©ffi*£&«3ftfcE» 1 i:. 
KH-^itfV-XC!)-**, WEEBICttttLfctt 30 

tttEiaia-y— WFETfflHK >*s y— *©*&:£ 

siissieifty— bar ET©y— hfc^**n««-«*ic* 
i;t. BaEffi*w- hSFETroy- hrov-x. hu 
<>rigtciistr*«»t©a*wffiu fHiEE«tc*§-&sn 

s. 

[W*«7] ttifS«J£©£ftS&*n-f*fc*][el!&<i:« 

h'K^itfv-xa-M. tfJEESucsaau v 

JttB*«B*OUl»«^HC*i;r, «Jffi«S©y-hS!F 
ET©V*-X. Ki^ >Httfttt&*tt0a£M!U 

¥8<«&8fle!ffiSEra. SO 



n«i3B&. 

-He. saE*-Ft§]8©ffl:^#* l A*jsn*ifi»y 

-hSJFETt. 

»JB«»y- hSF ET© H W V-^©«* 

WE^e-HOKwaAW^tClS^r. W«B»ft»y-hS 
FETOV-X, HK>WIC»£-a-*«8S©««rSS!» 

u W8as2<a»cig-&*n*s**a5je-r*ci:*««t 
MEttaisMoitttEttc. *«*iias**ii*H» 

-r*¥»<*«SMsi!&*eB. 

0£<©«ifc£ffliii SttSBi: LT. lWEfcB:*JE»!©S» 
feg*., S5S«ig«m©U^JHCJ6i;T. (tftEttaiSK 
©ai*fi^coSz;%±*«OBfW. *s.fctfSrSTatDBSI8J© 

e. 

[MHU1] HWB»t. 
SflfS^aiHlKWtH^E^tC. SfiSte-&$i*-&«S-&lal*& 

££ABL. 

ttEttSB»a«»tt*««©a**» 1 ©«tt* 0 "b<hS 
H»2©tt»fc*f»T, WKSB 1 ©tt»£. H11ESB2© 
«88tTBdEffl*E«©««Sr^^ 81IE3S 1 ©ttffi*5 
,fctfflf!E*2©tttt©^rtl*€B-K::£T. ffJES&SE 

saeas. 

(EnaitattBUfl 
[0 0 0 I) 

\.m.m±.o>mmtom c©*Mt*. ¥*<«fefBiii85i£fi 

{0 0 0 2] 

5Ci*<#K -jKicjiE®ft.!:**;**a5fc©te. A*J 
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[0 0 0 3] ( 1 ) < >A-*tf>aft£S*3*. 
(2) ^>A-*<h*WV>*<h£&*^t^5. 

[0 0 0 4] (2) **/V>*<Z)&«#te* 10 

E»«c*^/V>^&«ittt*^Ct«CcfcO, (l) 

CO 0 0 5] @19fl 4 tlrr/lzs? 

^rx ^ fc, > a*-* i o o <dm*j&» i o uzs * 
*/v>* i o 2at&jK£*xTv*£ c >/t— * i o o 

MO S n ><r 10 3 <£> V-**5«£t* H V< <E # 

ttttgv s s Ktfeffisn. ^oy- h \t&m ion: 

[0 0 0 6) *IC, »fpC^T«M!-r*. A^m^v 

^VIN^VCCMiH:fflO»Ma:. *f >A-^ 1 
0 0l*J©K«tt&N^**;UfflMOS K^>vX^75^ 
>LT. E&l 0 1 £4fe«£tf£o COi:^, MOS3 
>«x>iM 0 3*<*t*nT^ft«)T, B2«l 0 lOi 

[0 0 0 7] COct^tC, 0 1 9 lC3RT2MHirCMU 

smi o 1 o«tt£vssi^;McT*ofc. e«i o 
air, fiWBSS^:t#TS5, 

[0 0 0 81 

\Z jRTSKBBa. aDB*IB20nUi«E v c c fc&#-r 
{0 0 0 9] 0 2 0<C^r«fc5C. t|JE«JEVCCA<S 40 

a.-r«iNKtt#»a. 

[0 0 10] *«H*«R»r*t«Ctt. * 

f. *-5«iiaJE (StttgKfUE) h?>fX 

;r©&. iijssKic. mm 

[0 0 1 1] C©J:5«cBI*KIH-fcJ:0fP6tl*ft*H » 
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BTtt. *©»#£. J£«SHtt«Jg*ffiVCCr«8EL 
J:5tfntf. SMRINCBBtfttS. i!©<fc5ttttR 

[0 0 12] C©»W«. ±l2©^|-«*T»Snfct) 
©T. -£-©Itt»±. affi»*H©«iS«ffft?¥tt*'h*< 
T#*aasB*at»*W^«lHlRaafe««rt-*;: 

tic**. *fcv giJ©swtt. »««*-Hic*ur. a 

[0 0 13] 

[RSS«PftT2)fc©©#S] -LKBW&iiJfcf*&© 

ic, c©rr-?& mas«ffi©a!»)&*»t--5fc©©« 

KJ&gT.'-Sac. *aHa*HMM-*!:i-C. E«© 

tooi4] sfc. jie»i©eMsariEt-*fc»^ £ 

[0 0 15] 

E«K&a@l»*«Slrt"*©T?. ffi«S©Sa*«Bj^t/«t 

©ii5sa*<oj^«i:?i-&. *ut. ±ie©aMa«r. mas 
i*M4>*«tu& aai«iBj©aiRa£E«c#a*</h4<<t 

■5. **V>f4ftf^*-^HCI&UTaffi«rm*a^.'&n* 
[0 0 16] 

[*am kt. jioawtaaacioawT*. c 

u ctfci- 
a. iaitt. c©ss^©a i ©nffl^jtc^-saaiHiKSr 
$ty***sa*ni?ssa*^-riaT. (a) mt7u*j 

d»H. (b) 0»a!£[a]IS©ll!Sia. (c) 

EEaaa»E»©H»HT**. 

[0017] HI (a) SJSIalK l tt. 

A^fi»3t. ffl^f»5t» B«a!5©^©A^«7 t€ft 
A^ffi^V I N«A^3S53CA?3an, A?3»^V 

i Na0fs©aawn«i^ta6-&fcUj*a^vouT* 
uj*»5*»siH*-r». «afMEa»««aa9*v6a 
*«n&ia«55{t^vpt4, A*a67«tA*$n*. «» 
iaK9tt. *is«ji©sa*tt»iUv 

[0018] Sfcfc, jS^lsIgS 1 . * J: tfttJOEia 9 ©• 
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«^*»@»si«^-r*issi5i»i«» 01 (b) iz 
1 5 1. mm i ic3>^>^ 1 5*&ffitz>it*>o7s 

[0 0 19] -f >A'~* 1 3H V-XSWtflMKV 
CCiC&ISU y-h^ArtffiSK&ttUfcP^**^ 
|£JMO S F E T 2 It, V-X^tSffiSiSVSS (fci 
*fcmife> ICftfcU HW^MOSFET2 10H i0 
l/f>fc*f*U y-h$MOSFET2 1 (D^- MC 
»&L,fcN^**;i'SMOSFET2 3 £&$tT- 

[0 0 2 0] □>r>'U-15H V-X:feJ;tfKt^> 

X£MOS3>x>1f2 5C7>y— Mz&g&U HH> 
£{g#«U lfc«jftUy-h£A*am:f£ttUfcP:f' 
t^iMOSFET2 7^tTc MOSFET2 7#t 

lt;i«8!£*n*. MOSFET27^7lW # 

[0021] «i(z>*js«ir««)*aiiaBSS6«*< 
«-r**»iHi»9tt, iai (c) icnc-rjcst;:* 

fifSVC C ttt«ffi«»V S S £OMJCiff*I«C«tt L/fc 
#JEIhJ?&3 1 #jEtsI)&3 loa^aiTirA^W^ft 
»«Lfc-f >l\—9 33t, -f ^ 3 3 omtlffi? 

fcA**ff**KUfc-f >/t-5> 3 5 <hfc^O. * >n 
-9 3 3©tt»«W»6H Sfflfl&te^VP l*t»&n, 

Sft*. Biifl^VPltt, MOSFET2 7 <D?-h 
«CA*$nSo H»«*VP2I4, MHMVP 1<B£ 

[0 0 2 2] *H£@SS3 111 — *S:«iRVCC«C«tt 
Ufc«tt4 l -»€}£m4 lOlMKtftltU «|« 
£«2DSV S S fc««lx&»*t4 3 ffiSt4 1 <h 

ffifiU 3 fcettZJMMb»&. «H[«£E«»BEl/X:»E 
6 n, d * 3 3 <D A#« 

[0 0 2 3] JB 1 flD**««C«*«lK©iM^fc^ 

£7j*t*EIT&£. 0 2 <&iatttej8MB*fffl (nsec) , 
T, flMtiWME (V) 50 
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[0 0 2 4] B2K«TJ:3e. *S*EEVCC*t* V 
CCSPO^tt. tt»fi#V P 1BVCC l/*Jk tt 
Snm^VP 2ttVS S U"^<hft*. ^JIT, t&PO 

[0 0 2 5] — 3>, MttEVCC^ P 0<VCCO 

ttrtu ±&<DtoW£\*RWz. «»b*vp mv 
r, awUEvcc*. vcc^poo^softfetco 

[0 0 2 6] [VCC^PO] ttM^VPlttVCC 
U^r***:*^ 01 (b) l:^tPMOSh7> 
^2 7#*7U NMOSD>r>^2 5ttfi^« 

1 l*65MB*n*. 

[0 0 2 7] :OttlTH flPMtl lC&ttttOftt>± 

tMHMi lomttosrsTtf (woswswrtivou 
SjEttoassaw^*. 

[0 0 2 8] UttEVCC*, P0<VCCO 

[po<vcc] tftttm^vp i ttvss 

El (b) Ktk-TPMOS V3>V*92 7 
*>U NMO S 3 >t >t 2 5 HBW 1 1 l:tt«« 

[0 0 2 9] COttJJXH lCOtfi^<DiC^± 
K-f Wt-* 1 3— R«*ta>a«&**»rt>tK «*• 1 1 

*r^9»r. mzmnmi KDWL&ottTtfztz cm 

Mil: VCC-VSS) OiEKBH*. 

[0 0 3 01 *1:, MtEVCC*«. P0<VCC(D 

OTVlNOttt*. VSS^Wt§» 
1 3<0PMOS h^>^A^2 l*<^->, NMOS h7 
>^?2 3W7tTV^. BMllli PMOS 
h7>'^^2 1 lC<fc^T, VCCl/^H:M2tl, 
B^)(i^VOUT©ifiH VCCl/^VtttoT^ 
COtt, NM0S3>r>it2 5(i, VCCK 

[0 0 3 1] X\Z. A*«^VlN<D«tt^, VSSl/ 
^^VCCl/^JW;«0O§t)&. T^>i:. -f 
^ 1 3C0PMOS h5>iSX*2 ltfi*7* NMOS h 
5>^^2 3*«t>n. IMUlt NMOSh 
^>5^X^2 3tr<fcoT, tt^^n, «#<S1 lOtttt 
V C C l/^J^ 4 6 V S S l/^Kiff 'F l/T V> < , 
NMOS3>f>^2 5M«tS. J:o 
T, iu«B^voutoW^vsskjh:W« 
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[0 0 3 2] fg*MR l l ot&tiLtf v s s 
ttofcRUT, Aflfff V I N£>«&;^ VCCl/^l/ 

3 0PMOSh7>^?21^t>, NMOS hy> 
yX^2 3^t7«. H^filUl PMOSh7> 

vX* 2 1 tC<fcoT* vccwowzizm.2n. m^m 

1 lDttftft*. V S S l/^M ^ V C C U^JKi±# 
IW<, CCO<h€r» NMOS3>T>f2 5H i0 
Mffi^vs S U^T**fctf)K:> WCCl/^ 
'sOfcfcttaK, NMOS3>f>1^2 5 tCcfc^jg^ 

[0033] ;:<*><*: 3 tc> minnmmzmzi&wizj: 
*t % etb«ic*^iei l^iaasn*. nmos3>t 

U 0 2tC^t*i3^, mi©«UEVCC<7>±IMt#oT 
«Lfc#T**. <toT, «HtmEVCC3WBi<tt*«C'3 

[0034] z<D&5temte®te* 4 Sts¥m#imm& 

Sitll XAan*«W«EEVCC*tfl:JBH^3S8:A.T 
fc, «tiE*K»f^S*4C:i:*«^ItBT*S. SMC. d 

(0 0 3 5] B3I1 C^)^om2 0^^Jlr^^S 30 

» 2 ^i^8Mi:#^8fii: 
[0 0 3 6] BmcJRrj^K* JB2 03llll««C«** 

■a. »i©*jMw:**»«fc. WvfHun* 

NMOS h7>^X^2 8*£tfC£- £cfctfzi>5r> 
tfl 5^PMOS3>r>*2 6«*Out**'ftot 
H*. PMOS3>f>1^2 6H V-^iffHH 40 

EM 9 IC fit. 01 (c) lC««nfct>©*«ffiJBS*U sw 

Kl 7 0NMOS h7>^2 8 HCA2>3n 

[0 0 3 7] S2 0HffiWl«*8B0»ff£O 

?RWC*3. [3 4<D*a«M*i8©$ffl (nsec)tv 
«*ft«*aft«J5 (V) 
[0 0 3 8) Si*, tliEVCC^ VCCSP0© 50 
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[vcc^po] »»ift^vp2«vssi-^;uTa5<b 

fcafrtC. 03i:rrNMOSh7>^X^2 8^7 
U PMOS3>7 f >*2 6B«*lll l#6»iStl 

[0 0 3 9] :<D«!iTH m^»l 1<D*&<0£"5± 
tf (CflD*tt«-CttVOUTOlt6±Wc&*) * 
Cfflmtl 1 0«ffiO££Ttf (u^fiWtliVOU 

TostftTWctt*) awfnta*. ^f>;wi 3— 

[0 0 4 0] MtEVCCft P0<VCCCD 

[po<vcc] tt^vP2iivcc^;ra5 

fca&tC, 03l:itNMOS h7>i^X^2 8^t> 
U -P MO S a 2 6 M fi 1 i i:»««n 

[0 0 4 D cottara. te^fci KDHttoS-fei 

>!\—9 1 3-g<h> NM0S3>^>1*2 5<D&tt<h 

-r«t3ic, mzm*z»i i<Dn&<D>L*>±tfz>£2 (« 
tin : vss-vco a>aBK»m*. teaas-tf* 

[0 0 4 2] act, ttMEVCCft*. P0<VCCtf> 

130)PMOSh7>^^2lW7, NMOSh7 
>^^2 3^>lt^. tt*ttl ltt. NMOS 
h7>yX^2 3lCjcoT, VS Sl^UC^Stl* 

*. ^OtS. PMOS3>f>*2 611 VSSl/^ 

[0 0 4 3] fctC, AAWVINOtfi^ VCCV 
"UW&VSS l^;MC«0#*>6. -f 
* 1 3CDPMOS h?>^2 l*t>, NMOSh 
7>^^2 3d^7n a A*lftlltt. PMOSh 

7>i>**2 liCctoT, 5fctt$n, 

te. VS S U^l/^ e> V C C < . 

£CD<hi*, PMOSa>f>^2 6M«n. <fco 
T, B*«*VOUT©«tt39«VCCW<JPCft6*T 
fcX"r*l*WK:. P MO S 3 2 6 <r>te&\zW* 

*mmfi* 2*>\znut>z>. 

[0 0 4 4] &ic, is^mi io«wvcck;w: 

3CDPMOS h9>*J*9 2 Ufi*7+ NMOSh7> 
yx*2 3tft>t*. fg#»lltt. NMOSh7> 
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tt> PMOS3>r>f2 6lt fifiMffi^VCC 

<. pmosd >^>^ 2 6 K^jgi*^ »s*n* 

[0 0 4 5] CCO^OSgSCO^SgW^^illS 

[0 0 4 6] £<&Sg3 0£»«[;:«*gBtt> flHNftl ^ 

111:11 01 (b) K^U&PMOS h^>^X^2 
OS h7>^^2 8*iJ;r;PMOSa>f>it2 6 £ 
[0 0 4 7] »MIhI»9IwH HI (c) K^Snfct) 

om$n, s«fif5m^vp i sr^iox-f^^iHi^i 

7-1C0PMOS h^>^X^2 7<DY-b\ZAJl\s, H 
®m*}V P 2?£S2<0X^ yflslBl 7-2C0NMOS h # 

[0 0 4 8] EI5 iC^flelBJCH 1 1 \Z 

CO-f Wt-*1 3-2H fi^l 10«tt£J5<£ 
$tTHi*t*, ^ >M-*1 3-21*. 

[0 0 4 9] *K1, IB3Ojt«WIC«*«lSC0»ft£«C^ 
^TS&fBf*. B6 (a) , (b) tt*n**U >g*£l$ 
rfla:«^mE£ta)BS^«:^r!aT*^. 06 (a) , 

(b) *n*n©IK««*jBBWM (nsec)T,«tt 30 
ttWKWE (V) Tifc*. 

[0 0 5 0] «««EVCC^ VCCSP0O 

[VCC£P0] SSHIfVPlUVCCl/^k &3fl 

v p 2 ttv s s u^T»*fci6i:, HSfc^-frP 

MOSh7>^X^27, ^r/NMOSh7>^^ 
2 8ttfc*>fc*-7U NMOS3>f>it2 5, *5,fctf 

{0 0 5 1} COttfTm* flMHIl 1 ± 40 

<>/t-* l 3-1— 8^ttcMK*W#*. *C« «» 
miEvccat, p o<vcco^^cD»fP^^v>TffiW 

[0 0 5 2] [P0<VCC] ttaUfVPlttVSS 

u^jk ttflfi^v p 2 tt v c c 3k»c, 

|£I3 IwTjVTPMOS h7>'/X^2 7, :fc£tfNMOS 

25, *3<ttxpMosa>x>^2 6«*n*ft«#ii 
i i Kttttsn*. » 
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[0 0 5 3] flW»l 10tt(4^3iS± 

tffc, -f>;W13-l-ifc. PMOS3>x>^2 

tt©at%TkfK. < >K-9l 3-1-St- NMOS3 
V^^-^2 5C0»«i:iC<fc^Sig^^«>. <koT* S 
6 (a) lCm-r*9lC. «^»1 1 cD«ffi££^Ttf * 
1 : VCC-VSS) OiSM^W* * 

ft, us (w ic*rj;9e. tsnmi wwttt* 
**n**u «Mn««« si 

[0 0 5 4] fcfc. *S«EEVCC*<, P0<VCC<7> 

t^(Dthmzz>^x, £Dttu<R9rr*. 

1 3-lOPMOS h7>vX^2 1 NMOS 
h7>^2 3-1^7Lt^. ltt. P 

MOSh7>^2 i-llCiotv VCCKJMCjfe 

*<*n, io«ttii vcci/^fcftt>w 

Z<Dt&* NMOS3>x>i^2 5liVCCU^;V 
[0 0 5 5] ASBfVINOttt^ V S S V 

^*6vcci/^*fc«o»te*; ^f>^- 

^ l 3-lOPMOS h5>yx^ 2 1-1**7, NMO 
Sh7>yX^2 3-l**>«. (i^Sllll NM 
OSh7>^^2 3-lt:i:oT, 4fc«2n, 
l<7)ffittte> V C C f> V S S L 

Tlf»<. NMOS3>T>^2 5*tt«t 

So cfcor. m^»i io«tt*«vssi/^;n:fts* 

TICB-r*WWHC. NMOS3>f^2 5<Z>*«fc» 
$e>KJjfl*>*. Z.Ot2s PMOS3>f 
>*2 6lt MUMWVCC^TftSftfti:. 
VSSU^Kfl)«tl«<» PMOS3>f>^2 6 

[0 0 5 6] «*R1 1 ©ttt^VSS^JW: 

ttofcttMITf. XMtVIN<0«tt*, VCCl/^ 
j^6VS Sl^JHCttD&b*. ffci. *f>/t— £1 
3-l»PMOSh7>^X^2 1-l^*X NMOS h 
7>^2 3-l**7«. flWHH PMOS 

h7>v?x^2 i-it^«fc^T> asasn, l© 
v s s i/ v c c u^Kt±#itv^ 

<. COtff, PMOS3>f>*2 6*t»«tS. «fc 

-cKS-f^wic, PMosn>x>it2 eotamzm 
-rsmiw* 2*>\zmt>2>. zotz* nmos3>t 

VCCU^KO«ttt»<> NMOS3>r>^2 5 
[0 0 5 7]<fcl::. d(D^CD»4^1«^JC(fi J 5jS5i 

te, co»w<o»4o^te«^s¥***w®»sa 
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[0058] z<Dm4<D&&mz&z>&mte* 
[0059] m7\z7jk-r^3\z. wm<o-r >n-? i 3 

aiC&J&Sn, Z.<Dm2&<D'<>n-* 1 3-20>ttJ* 

mi f^mm^yp i\z&cx*> • *:7-r* 

I2<d^ ^^teitei 7-2a*&jfcsn-c^£. m2coe 

1 Bte, *R<D-Y >n-* 1 3-3<DA;fclC&*fc$ 

[0 0 6 0] ttfll5]tt9(C«« 01 (c) I^Stlfct) 
©jWftJHSn. PlfflSte^VPlfc, S2W^f@8 

1 7-2(OPMOS h7>vX^2 7<&y-McA#U 
H85«*VP2S, IBlOX-f y^EI&l 7-1WNMO 
S h^>v*X*2 8 h\ZXJl-f%>. 

[0061] &iz. %z4<Dni&mz&2>£mommz^ 

H8<D««iiiB®Wa (n s e c) 
(RMMME (V) Tfc*. 
[0 0 6 2] ST, «®«EEVCC^ VCC^POO 

[vcc^po] mnsmnvp i livcc^i/. ists 

g^VP 2teVSSl/^;VT&*£*!>tC. la 7 tC^T P 
MOSh7>"^^27, *J;^NMOSh7>yX^ 

2 8lt(ht>tr^7b, NMOS3>f>f2 SteSH <D 
flrett 11 Aft* 6. PMOSD>r>^2 6ttfB2 0fll 

#»i i B^6*n*ft»m*n&. 

[0 0 6 3}-ra>«ttt?tt* lAO)ffit 

[0 0 6 4] H7ic*-riisiia»i©aK*niiicB. v 
< * i 3-i— 1 3-3=&<nmwmm&& i z>t\z>. 

[0 0 6 5] Jfcfc, «BMtJEVCC*C» PO<VCC0 

[po<vcc] Bna^vpittvssi/^. ffltb 



7) #M¥8-340238 

(g§v p 2 liv c c i/^T^^fc^i:, SJ7 c^TP 

MOSh7>^^27, ^NMOSh7>vX? 
2 8tt£fefc*>U NMOS3>t>*2 5tt3Bl<0 
ft«ttl lAfcffiBStU PMOSa>T>tl"2 6«S 

2©«*»«i iBfc*n*n«nsn*. 

[0 0 6 6] n§ i catena 1 1 Acoat 

>d-2 s0tk&£\z&zmm&frfrK)* »2oe^»i 
l B<D:tt5±tfK:, ^2|9:<>;n*-^ i 3-2-at* p 
io Mosn>r>^2 eoinfcCAdiiy^ft- * 

JBlflDW^MSl lA0££±lflC. ffla-Y>A-^ 
1 3 S!2<Z>{1^«1 lB0)AftT»f«C. » 

[0 0 6 7] 07 tr^-figJSlsJft l (DSBffiKrflmcli. B 
8 9 «i©«BEV C CflUlttP 0 tt-LCft* 

OUTO&^TtfSTlC, -fWt— * 1 3-1- 1 3-3H 
&<Dmnftfto\Z* NMOS3>f>1t2 5(7)&^^^"T 
•SU^ffli:. PMOS3>f>* 2 6©tt«fcR"r*WrM 

3tKB*0t>- J;0**a««««*6n5. Art 
BtV I NOitt©4ftT^6, ttirtfff^VOUTCD 
££±»f*TC. -f W1— * 1 3-1-1 3-3Haoag 

[0 0 6 8] «MEVCC^ P0<VCC<7> 

<h£tf>©)^t::oc>T, iDBKKWt*. A* 

1 3-lOPMOS h7>'^^2 l-l^t>, NM 
OSh7>^2 3 -1*^7 3* 1 

J0 11AI1 PMOS Y7>i?7s* 2 1-llCcfc^T, VC 
Cl/^MCXtSn, »106^«1 lAOttttt, V 
CCl/^tttoTW. NMOSn>x> 

D-2 5H vcc^;wc^s«*nTi^. 

[0 0 6 9] gSlO{g#«l iAMtt^VCCK* 
T^>S<h, «2i&< Wt— * 1 3-2CDPMOS h7>y 
X^2 1-2^t7, NMOSh7>yX^2 3W> 
ITUS. JB2 0flHtai 1 Btt. NMOS h7>^X 

^2 3-2i:iot, vssi/^;n:**$n, 3&2£>ft 

*0 PMOSn>T>*2 6lt VSSl/^M:^« 

[0 0 7 0] AAOTVINOttttt VSSU 

7t-*l 3-lC0PMOSh5>^X^2 1-1***7* N 
MOSh7>xX^2 3-Wt>t^ 8BlCDffi^»l 
IAH NMOS h7>^X^ 2 3-ltCcJ:oT% 

7 f >U"2 Z&fttbtZ, HSKDflMHSl 1 

5a A»ttt#vs s u^;nc^e*Tic®*r^P5Pfl»w, n 
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*><5o 

[0 0 7 1] SKOefftl lA^ttfi^VSSW 
Kft*^ g2S^>;W13-2(DPMOSh7>y 
X*2 1-2#**X NMOS YJyVKfZ 3-2tfi*7 
"f*. m20m#«ll 1 BH PMOSh7>v ? X5'2 

^LTlrK. ^Otl PMOS3>f>1t2 6^ttt 

W*MZfcZ>&V\ZWtZ>V%mz, PMOS3>f>D" 
2 eORRlCRTaBWW 1 * 2 

{0 0 7 2] 3§20)<i^Sl IBOSttjOtVCCU^ 
*9<WW13-30PMOSh7>^X 
^2 1-33&^7, NMOSh7>> ? X?2 3-3W> 
U ta*<t#VOUT&, VCCKil/^6VSS^ 

JUSTS'**. 
[0 0 7 3] &2<3<i^Sll lB<0«fir^VCC 

i^;wcfcofcttSrr, AM^viNoiW vc 

<i 1 3-K0PMOS h7>y^^2 1 -I*** 

X NMOSh5>^2 3-l^t7n. Sl^fi 

W11AH PMOSh7>^^2 i-n:<fcot, 

vccu^jn^msn, ^l^fifsi ia<d««* 

tt, V S S 1/^^ 6 V C C l/^i±# LT^ < . 
£<D££. NMOS3>f>1t2 5H £ttffl*««*V 

s s vcci/^ji/^o*«tta 

[0 0 7 4] SI CO@^«ll 1A0«WCCI/^ 

%2^ >/t— * 1 3-2COPMOS h7>>* JO 
X^2 1W7, NMOSh7>^^2 3-2^t> 
$&2tf)f§^&l 1 B\t. NMOSh7>^^2 
3-2K<fcoT* M3n, I62<B©^R1 lBcomffi 
te> VCC^W^VSS M;KtfiTUT^<, 
PMOSn>7 ; >1t2 614, KSfltfe^V 

cci^^Tft^fc*^ vss i"*;i"\0>?fcates 

[0 0 7 5] «20lf#il9l 1 B<om&WVSSW<)l 
«hfc*<h, *a^>A f -^l 3-30PMOSh7>^X 
* 2 l-3*<:*>* NMOSh7>'^*2 3-3^t7 40 
U ffl^VOUT^ VSSU^eVCC^ 

[0 0 7 6] *IC, dO»BJ<o^5<OSIigWlCW-5il2l 

ff««Isia««*7STHT, (a) Btt7P**B. 
(b) eitejg&lBlfcOIeJS&gL (c) HtettSI^EaSEfr 

[0 0 7 7] ceo® 5 aJUlfltciMtt. SBBK l o 



»**6fc»fc. R5 0X&fllCtt*RRTtt. R©m 

>x>iti 5 &**tr«Mire*Mi*» ;in<E>a>§ 

R»«fcHM>"rfc*fc. **IBR9I2. 

V*l*tt&l/Tfr»<. 
[0 0 7 8] **\ RKBBllcrWTRWT*. 0 9 

(b) est* J: sc. on-* i 

81 l£RR£nT»&. R#M1 3§i<DW«5 
BfVP 3i:«CT*> • t7r^i^yfia» 
17-lfc, »2<DRttS#VP4lC*DT^^-^7-r 

*8 2 0>;u yfam 7-2t^*t»snrv^, si 

OZ^yJfflll 7-lteNMOS h^>S?X*2 8£^ 

HIC. fB2 0X>fy^Bltt 1 7-2ttNMOS 
>i?X^2 8^. 8ioa>f>*l 5-lliPMO 
Sa>r>1t2 6m, RRIC »2C03>7 f >^l 
5-2«PMOSr3>x>^2 6&<frtt. 
[0 0 7 9] fcfc, R»BB9fct?HTRWr*. 9 

(c) tciMM: 5 ic. »fl@B9it ias»ffi«i®vcc 

tttRfiftRVSStOlBiw, SWCBMfcttRStlfc 
tt«4 1, 4 2, 4 3 t*»#EB»3 1 t. Silt 4 1 
<Lfitfi4 2 fcG^RRjftfcA**? *ttRLfc-f 

3 3-lt, RR4 2 £SR4 3 t(D*S«R-«lCA 
*RT*RRbfc-f >A-*3 3-2i. ^>/W3 3 
-10ffl*»i:A**^ >A-^ 3 5-1 

-f >/t-^ 3 3-2<Offl^R^lCA**^**Rbfe 
>fWW3 5-2ttttf, »l©BW«VP3lfc 

3 5-ifl5iii^«iwe>»6n» s2ogafij5m 

[0 0 8 0] EllOtt* iIK«HW4:. «iK«IE<t:CDWI« 
&7nTHT**. H 1 0 ©RRttilttWH (n s e c) 
X. RRIiRVRE (V) T**o 01 0\Ztk-?£o 
\Z. RRRBEVCC#« VCC^PIO^S, Wffilg^ 
VP3> VP4l4^ , btCVSSW'<;i/ < h/3:^ # «®ttJ£ 

vcc^iffu pi<vcc^p2o«bi:w^ 
OTfflHI^VP 3<D*awcci^;u<hft*. «SR«HV 
cc^asi:±#Ut» P 2<VCCORii:^5i. 
RBWg*tVP3* VP4a»«tt)fcVCCl/^iW4:*«. 
[0 0 8 11 ST. MtEVCCjJt, VCC^P 1 O 

t ^(Dmrnz-D^xmrn-r z. 

[VCC^Pl] Wffifg^VP3, VP4a<<h*>KVS 
SI/^T»*fc*fc. 0 9 (a) fcTftTTR 1 «>X-f y 
f0i8l7-l(iDNMOSh7>^2 8, :fe<J:tfSB2 
OX< *?BR1 7-2ONM0 S h^>vX*2 8**fc 
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t)i:^7U SlW>T>1tl5-10PMOS3>f 
>^2 6. *5<J:tfS2CD:3>x>lM 5-2<7>PMOSn 

[oo8 2] d^ttn-ete, mnmi i<o&*>rtf* st 

^Sc 139 (b) {C^rilJilHl»10jljS9?ra{C«. V 
CCAM^V I N<0mffiO5r5±tf^effi*/{f^VO 

■6 t tf * e m # v o u t cos:* ±tf £ -evmjj c , 

[0 0 8 33 masre/aEveca*. PKVCC^ 
P 2 c7><h^O»f^lc^^TKWr&- 
[PKVCC^P2] WfiS5m^VP3fiVCCU^ 

(b) fc«-J\ mi<50^-r!y^IU^17-lCONMOSh 
7>y^^2 8W, ;T>U £§lcon>^>1tl 5-1 
C0NMOS3 >5 ? >it 2 6(D3Mf#*ll 1 (C»«c$n 

[0 0 8 4] cottireau *t^si 1 ofi-STtf ic, 

-f 1 3-1— R©*©iK#**>9. »^« 1 1 

[0 0 8 5] S3 9 (b) K*-r»&®ttl 
14. 0 1 0 IC^-^ck^lC, VCCA^MVIN©«e 

-f >A— * 1 3-1, 1 3-2~g:C0jgM^P^lC, -OWN 

MO S a >x >tf 2 6 ©tt«c»T*»l»fcj&iin*. bti 

Or^VOUT^afBitfftTfc, -fWt— *i 3-1. 1 

[0 0 8 6] MtEVCC*. PKVCCS 

P 2<Di*<D»flsfc::3l>T. *DBL<R0rr*. * 
AAS^V I N©«fi^ VCC^rot*, -f 
* 1 3-1C9PMOS h^>i?X^2 l-l*taf-7, 
NMOS b9>&*9 2 3-l**>l/T^*. ff^i&l 1 
lflOti'ffitt* NMOS h7>^2 3-ltC<fcoT> V 
SSl/^V^W^. miCO^V^VIt 
1 5-10PMOS3>f^2 614* VS S V<)V\Z% 

[0 0 8 7] *C t A*WVIN©ttt#, VCC1/ 

^ 1 3-lOPMOS h7>^A^ 2 NMO 

14. PMOS h5>^X* 2 l-llCfcoT. VSSi/^ 

j^e>vcci/^Ktisn, -Bios 
ceo*:®, mnmi 1 ott^v c c ws;mc&* s-c 
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[0 0 8 8] <g*§« 1 1 <0«tt*W C C \s*<)l\Z 

frofcttteT. AAOTVINOW*. VSSU^V 

3-l£>PMOS h^>i^X^ 2 NMOS h 

7>^2 3-l&*>T*. «<§»11I4. NMOS 
h7>y^^ 2 3-lUot, VCC1/W6VSS 

V S S U^;l^©jfe«4av>. 
J0 [0 0 8 9] fc\Z* WtEVCCK P2<VCCC0 

[P2<VCC] Wffift^VP3, VP4»&*>£VC 
C W'<WC<fc*fc*lC. 129 (b) Ca*t\ tR2 0*<f 
y?®»17-2(0NMOSh7>^A^2 8^ 
U ^2<5D3>7 i >-tM 5-20NMOS3>f>^2 6 

fit. 2*\zmn»i iictfctt$n*. 
[0 o 9 03 £<B#ffiTt4, mm&i ion*T«fc 
1 3-i— acD^oas^^D, «^«i 1 

CO 0 9 1] H9 (b) fcSTfflEHtt 1 ttBKMBfc 
14, BB1 OKSWJ:^ VCCA^StVINa)ttt 
©4%T^6» ffl*ff#vouTCD&*Ttf£*Ct::, 
-f>A-^13-L 1 3-2-ft0)*ffil9|HH::. -"DON 

-5. — Afc«^V I NG>*ffiG>Sr&±tf*»S, tii* 
«^VOUT©fi^±J«Ti:» <>/W13-l» 1 

[0 0 9 2] mWWBEVCC^ P2<VCC© 

30 teoWI^^T, J;0BU<RW«. sr, A* 

1 3-lOPMOS Yv>V7s$2 l-l&*y* NMOS 

14. NMOSh7>^2 3-lWot, VSSl/^ 

^1©3>t>^1 5-10) 
PMOS3>r>^2 6, fc^I/S^On^^lM 5 
-2©PMOSJ>f>^2 6t4<h^>lw, VSSk^W: 

[0 0 9 3] Jfcfc, AABfVINOltt^ VCCU 

« ^;i/^6vssu^;ncwost)^. t"*^ -fwt- 

^ 1 3-1C0PMOS b7>i?X*2 lrlifi*>* NMO 
S h^>^X*2 3-l»#7t«. 11**1 lOttfi 
tt. PMOSh7>^2 1-ll:<fcot, VSSK 

>X>tM 5-lC0PMOS3>T f >1t2 6, *5£r/3&2 
(Da 5-20>PMOS:n>x>-*2 6tfi'*M* 

n&m-r*. z.<z>ti!bs m*mi iowvcck 

50 [0 0 9 4] *l\Z* fSn»l KDWSL&V CCl"<MZ 
-219— 
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3-l©PMOS h7>^^ 2 1-1*<*7. NMOSh 
7>j;7J2 3-^t>n. 1«< NMOS 

h5>i?X^2 3-HC«fc-3T. VCC^JW>6VSS 
l/^JW^i:fiTS-&€>n%. C©.t€. ~3©PMOS 
3 >x >U- 2 6 tt*n*tU S««*ffi*<V C C 
TfeSfcftlC. V S S U^)^<0%Wii^. 
[0 0 9 5) ^5<0*Jii5!HC«5£StC«fc 
ntf. *iR*BEVCC»i. S10S?1/^P1 W 

sa^at. — 3©n mo sn >5* tftWKff 
as«Evcc*<. aioaau'WPHfcMA. ssic 

SS2i7)S«(»W^P 2 ^>©NMOS 

3>-r>-9-a*. @»i«)icft^»i Uw»«an, mm* 
Rsrau ««h«ev c c<73±#ic t t>*o -cs»«(^8in 

[0 0 9 6] H©5BSH©»6©S$SS«IK:a*aii 20 

[0 0 9 7] ;i©!g6©fli8Mt::fii*fiBli. ilSElK 

ajEsaiwajptw©**®*. r±uifmz 

[0 0 9 83 01 1 K^f^JEEfc 3 Hi. 09 (c) 

ffifit4 1 tffitfi4 2 se 1 ©SB® 

ifVP 5*W 6*U 8S2©#E&. BDSStit4 2 t« 

[0 0 9 9] 01 IK jrr&»Isl& 9 «\ 09 (b) lc 
^-TilMHK 1 cattL Sl©Iffi(S^VP5£, M 
A.OH9 (b) iciRTX-fy^BKl 7-l©y-hfcX 
*>U &2©g9tmt#VP 6£. «*.tfH9 (b) fcw 4 
f X-f v ^081 1 7 -2©y— b 

[0 10 0] JiOj^Cf**:. »5©*H«ir«*tt 
B»C*3V>T. mag«BEVCC*^-«f t:?a<**i:. * 
"f. MfB«#VP 5©«Mfc**X-f v^Bttl 7-l©NM 
OS 2 8©L#Hffi£8**. X-f y^SKl 7 -ION 
MO S 2 8 ti. 8H««^ V P 5 ©*tt©±#JC(*oT« 

(otscffot. \ i ic#*n$nssas:. 

<UTH<. 3 6«cSiK«flEVCC^«<?5:?>t, 88® 
te^VP 6 ©«&*<* -fv^lelJ&l 7-20NMOS2 8 5 
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Olt^lttlU. X-fy?H»17-2ONM0S2 
8fen«C Wffl^VP6©«<4©Jb#»r«*^TffiSt 

ceo, £Sfc*±#fc#oT. mn»i nz^mtti 

[0 10 11 C©«k3fc. *6 0*IKfle*£K*K£ 
ntf. ajff@»l©SJESWra©S«fli5Sr. T^o^WKfr 

[0 10 2] fciJ. SS6O*lfi«C«*SB©»E0» 
3 1tUT. 01 (c) JC7SUfc»mBtt3 1 <tUTt> 
AH. ^©«^IC«. «A«H3C»-r«IB»lK* 
^-Tit. 3S2©*SS0!IC«*&B£. affi»M*5**> 

[0 10 3] C©5S93©»7©*««K««>ftB 

CPIf»TR?St«. 012li. H©5MU©»7©*ISM 
casaBHat^tt^afcaaHIMW®^ 0 y *0 

[0 10 4] COSB7 0SIJB««C«*«Btt. «S0» 

*<fc5 t-TSfcWTfeS. B^EWS 1 ©aBttW*» * 
SlHBIOBbffiE-HfcJSUTWOtf^ftfcftC. *7© 
SUBflJCflfc-S&BTli. »l~Sg6©HJSWC«tOBiW 
Ufc, X<fy*Httl 7i3>?>fl 6t«tt*I 
EP&&l#-=>BJilII» 1 Sfliffl U C ©igSfaISS 1 ©3Ii£ 

50 [0 1 0 5] 0 1 2»r^-T«k5tC. WO»^0»1 0 

ajTra^-Fa^VMSHJAb (C©ai6WTttJ61 
©t-WVMlt. SB2©*-P«aVM 1 t*ffl 

ajg«FPfl*«o»>tsfc«)fc*i-i-©m#rfeA<. 
mf«!si»©±fr©ibff*- h *fc*ic. 
m*ft»i»-r*fc*©ai*Mfiia». c©m*»iwii*5 
ic*offl«ian*ai^f3iis^if©. to©iaiS88©Wi^«r 

[0 10 6] ^IC. »7©*»OTC«4«B©aSI0» 
1 Iw^HTK^T-S. 013tt. »7©HJSWIC«*« 
B©aS(aIg|l ©I3JS0-C**. 01 3llSfi^lw. 
ag@Kl ©Stttt, 0 7ir^UfcS®IslHl©*fiK 
-fWWUt. X-f y^0»l 7t. 3>x> 

Tt>4. Aft S At*. ^2©<t%»l 1 Bt*««M 
^2©7.-f -v^HISSl 7-2*». NMOSh5>^2 
8 S^tl ^2 ©©X-f ffEM 1 7 -2lc»»a 

50 tl«. «2©3>t i >U-1 5-2**. NMOS3>-r>-* 
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2 JglOX-f y^HIftl 7-KON 

MOS h5>v>X*2 SW-hiZte&KO:*:— Kff^ 
VMU^Sn, 7-2CONMO 
Sh5>^28 MCteSS 2 Q*- HI3^VM 

2#A**n*o 

[0107] wz, %i n&mmztezmmv&mz-D 

I^TISHST*. HI 4te, HI 3 IC^TiSMIsIfc 1 <0» 
f£ft^0*T?* (a) H»VM1=VSS,VM2=VSS <D£%<DVitt 
&^0> (b) H«VM1=VCC,VM2=VSS <Di:£(D»f«£^ 
(c) 0teVMl=VSS,VM2=VCC <7)<h*COi(ifPi$^H. 
(d) 0teVMl=VCC,VM2=VCC (D<h£<Dttf£i£J&H*r& 

[0 10 8] JBlOt-HOTVMK S20)^ 

- H«»VM 2 J^t felCV S S ^"C** fc*©. 

[VM1=VSS, VM2=VSS] ilM-K^ 
VMh S 2 OD^- KM^ VM 2 t)l:V S S 1/^ 
-C$>Z>t£#>\Z, fBlOX-f y^HIHl 7-KDNMOS h 
7>v?X^2 8, ^tf^OX^y^SSl 7-2C!)N 

MOS h7>i?X* 2 Ste-t^tt??** 

[ 0 1 0 93 dODtfffiTtt, HI 4 (a) \Z7jk*?&? 
iZ, Xijmnv I Ntf>ft*Jttf^5* «JS-f ^ 1 

3-lCDffl*m#A©fttSTtf, :fc<fctfA:*J<g*tV I N<£ 

ft*w^*>, m^(s^A^^±tf^^^njct>. «j 

R-f >;t-^ l 3-1— Rtf>^<Digi£##>^-5. 
[Olio] l^«tc> ft^m^Acoft^Ttf*^ ^2 

C0 111] n»£, ffl*«*B0ft*-ttf*S* ^3 

a-f >a-^i 3-3©u*m«vouT©atftT^ ** 
£tm*«*B©ft%Ttf**s. ta*itfvouT^ 

[0 112] £^T. A^m^V I N<Dft%±tf*&IH 
*«*VOUTOlt*Tlf*T«>WWrtr 1, 
A^ffi^V I N<Bft5Ttf**&'m*«*VOUT«>ft* 

±tf*"CoaEWHHT 2<o^rnict>, -f>A-^ 1 3 
-i-i 3-3=ai;:<fcs&3£a^e>ns. 

(0 113] JBI©*-H«*VM1#VCCU 
^2<3D : 6-Hm^VM2^VSSU^T»^t 

HMtsiro^TRWf*. 

[VM1=VCC> VM2=VSS] Sl^- H«# 
VMl#VCCW?*Sfc»i:» SlOX< 
ttl 7-1CDNMOS h^>^X^2 8*t*>U »1® 
n>x>1^l 5-ltf, Sioffi^JSl 1 AlcttttSti 

a. 

[0 1 1 4] £<Z>tt!18Tte> HI 4 (b) K«*\fc3 
ir> x^viN(0fi%±tf*>6, »R-f * 1 
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fc**»Bfc. JB1C03>x>^1 5-l(0NMOS3> 

VIN©ftftTtf*&* ffl*m^A(Olt^±Vfir, -f> 
A*— * 1 3-1— 

[0 115] B*KAO«T»f*6. «2g 

^ >/t _^ ! 3-2a>tti2>©*fB<Dft*±tf> *«fctfffl* 

flr»A©ft*±w«*s. ffl*«^Bost%Ttfo^m 

(Ct>. »2R*f WX— * 1 3-2-BO*OK*#* 
J0 £. 

[0 116] ffla«»B©ft%±Wr*&. SB3R 

-f wt— * i 3-3<aa»«^vouT<z>ftVFtf* 

±tf©^miCt>- »3R-f>A-*l 3-3-R<D*0> 

[0 1 1 7J *oT. S^Wr lfcli, -f>/X-*l 
3-1-1 3-3HSlw<fc^)5SM^ -3©NMOS3>7 

fc, iifiWrlfflr 2Ktt. -f >A-^ 13-1-1 3-3HR 
[0 118] SlOT-hWMl^VSSI/ 

[VM1=VSS. VM2=VCC] »2^-Hgf 
VM2*WCCl/^T*Sfc6i:» H2 0X-T y^lsl 
SI 7-20NMOS K7>^^ 2 8*«*>U 31 2 O 

a>?>vi 5-2*«, ^2^i i i Bi:»«an 

[0 1191 COttfflTli. HI 4 (c) K^-f 

s-ietUAffVAoftsTtf. *<fctfA*ft^v i n<o 

[0 12 0] *fc, U*m*A0ft*Ttf**S. ^219: 
-f >;i-^ i 3-2rom*«^Boa"6±(rfir. -f>A- 

^! 3-2— RG>*a>«a#*>tf>*. — ^ di^li^A<7) 
ft* Jiff* 6. ffl*«#B©ft*Ttffc. *f>/*-*l 
3-2-Slrd:Si83g^ ^2(DD>tH1 5-20NM 

*<? [012 1] tti*m#Bcoft'&jifrf^e, m3& 

< 5r l 3-3<Dartff^VOUT<Dft*T*f, *5cfc 

l*M»«*Bttft'&Ttffr&. ffl*«*VOUTfl>tt% 
±fcfOV^mCt>* »3R-f 3-3-RO*® 

[0 12 2] ioT, »Mt llltt, >r >n-2 1 
3-1-1 3-3HRCJ:*RKO**»6n, *fc. iS5£ 
BSfBjr 2JC«, -f >/t-^l 3-1-1 3-3HR»r«t*ig 
filC, -^0DNMOS3>5 :f >'tf2 5 0ttmtr^^jg55 

50 [0 12 3] SfclC, aiO^-KefVMl, JB2 0^r 
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— F»^VM2#fcfeteVCCW<*Tftfcfc*©. W 
[VM1=VCC, VM2=VCC] SlM-Hfi^ 

s h7>y^^2 stfimi<Dmn»i iA\zmmzn* 

%2V>n>T>**l 5-20NMOS K7>yX^2 5£* 

m 2 (7>m^*a 1 1 b ictaBisn*. 

[0 12 4] ClOttSBTte, 014 (d) \Z7tft&0 

3-i<7)ai^m^A05i^Ttf»c. i 3-1-& 

(3<fc^>jg3gli^ gl03>r>^15-10NMOS3> 

/t— * i 3-i— m<Dfr<Dmm&frfrz>. 

3-2— ©(Ccfc^jSSiH, %2C>n>^>^l 5-2CONM 
o s n >^>^- 2 5 <z>Sc«Jr <fc£iffi&jWbafc>*. 

[0 12 6] ttJ*fi^B<Dlit>±tfa^ ^38 

-f ^1 3-3coai:ftm#VOUT(&ft*5Ttf. 

^a^ft^BoiL^T^^. ffl*flM»vouT<z>flr& 

itfonftifctK JR3BK 1 3-3-8o*w 

[0 12 7] J:oT, jBffiWMt 1, asiWIWr 2C0V> 
•mtCfc, -f >A~* 1 3-1-1 3-3=RtC«k*«3ffi 

[0 12 8] »8©*IM*fc«*B«0>»£Htt 

cfc 0^c€r^jS3g«:75Ht6n^t)<OT*S, 
[0 12 9] 01 5t^T<fc5JC» S5 8<Z>*S6MlC«* 

1 5-l^PMOS3>r>t2 6£"&trdi, 
2tf>3>x>1H 5 -2^PMOS 3 >x>1t 2 

[0130] &\z. ns<D&i&m\zft%&me>W)mz'D 

^TffiiBtS. 0 1 6 H 0 1 5 iC^-TjlMIltt 1 COB* 
f£i£7£0T, (a) 0teVMl=VSS,VM2=VSS <Z>L2V>Vifc 
i£J£0, (b) 0tem=VCC,VM2=YSS ©&*©»fP«» 
KK (c) 0teVMl=VSS,VM2=VCC tf><t £C99Mei£J#0* 
(d) 0teVMl=VCC,VM2=VCC CD££OftjW&0T& 

[0 13 1] *1\ I1M-H(8^VM1, 82©^ 



L2 ) 1MIW8-3 4 0 2 3 8 

-K«^VM2#ifcKVSSU*JUT**£:*0. *> 

[VM1=VSS, VM2=VSS] 311 <7>^E:- F<I# 
VMK J&2©*-H(MVM2#fcfeKVSSW<A' 

^>$?**2 8* ^«2^7f®ttl7-2(DN 

mos h9>yx^2 8i**n*n*7-r*. 

[0 13 2] LfctfoT. 016 (a) lC3**TJ:5fc. 

1 % *3£tfA*te*rv 1 No^Tvf^^w^m^vo 

1 3-1-1 3-3HRK«i;*jIfitf1§Sn*. 
[0 13 3] »1C0*-H^VM1^VCCI/ 
^2<^> 5 e— Ffe**VM2#VSS w<;w*rf&*£ 

[VM1=VCC, VM2=VSS] ftlM-Hfi^ 
VMl^VCCl/^TSS^I- SBlO^-f^^lsI 

i» n^^l 5-1^ »l©i§«l lAICSK^n 

[0 13 4] ^Otf&Tli, 016 <b> i:*t«k5 
fc, ttfc. Kilted I NCDft^Ttf*^ tB^J^A 

©iiSltfi:, -f>A— * 1 3-1— a(c«fc*jS5£fc, a 

1 con >^>ir 1 5-ltf>PMOSn>x>-tf2 6<Z>&« 

[0 1 3 5] cfcoT. SSPfrfflr 1 \Z\t, 1 

3-1-1 3 -s=mz& *>n. amnr 

2tZJi» < Wt— £ 1 3-1- 1 3-3HI9:{r<t^>igJffifC, 
50 -^PMOS3>f>*2 6<0tt«H<fc^ilffi*iDA 

[0 13 6] ^IC, SlCD^Hfl^VMlAWSSU 
»2 0>t— F«*VM2#VCCl^;U"C**£ 

[VMl=VSSv VM2=VCC] tB20*— Ffi# 
VM2^VCCl/^T*^/t«)l:» ff^^X-f 
Rfl 7-2CONMOS F^>^X*2 8*<*>U 
n>T>Vl 5-2^ ^2C0<g^«l 1 BK»«£<*n 

40 [0 13 7] £tf>ttffiTte* 0 14 (c) IZTfi-TZ'S 

\z. ai*«^A05i^Ttf^6. m^m^Boii 
-&±^»c, -rwx-^i 3-2-a^<t^iSK^, m2o> 

[0 13 8] £oT. «K»llllrlttt. ^ >A'-^ 1 
3-1-1 3-2=m\z£Z>&m\Z, -^(DPMOSa>7 
>^2 6 0tt«!CJ:^5g3S«:^A^t>OM^e>n, * 
fc> igS^W r 2 -f Wt-^ 13-1-1 3-3HS 

50 [0 13 9] S10€-^VM1, »2CD^ 
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-H« J »VM2*«fc'blCVCCl/^T**t*«>» * 

[VM1=VCC, VM2=VCC] SB 1 0>^e- 
VM1, *,fcOW2©*-K«*VM2#&t>fcVCC 
l/^TfeSfcttl- ^1^3>X>"tJ-l 5-1C0NMO 

s h^>vx^ 2 5^si£oe^»i i Aicttisan* 

[0 14 0) ^<Dttfi6-C«, 014 (d) iZTTs-r&O 
\Z. mz. A*)*I#V I N<Dir5Ttfrt>S* WA^A 
oSt^ltfi:, -f >A-*i 3-l-a«c<J:Sii®tc, SB 

103>?>f 1 5-10PMOSa>r>^2 6<0tt* 

[oi4i] m^e^Ao^Ttf*^ tti^^t 

fc. 12 W>f>lM 5-2CDPMOS3>f >1)*2 6 

[0 14 2] &^T* mW%1B\T 1. MSWBr 2 0>H 
fftlCt,, <>/t-^ 1 3-1-1 3-3=RKJ:*3H6 

[0 14 3] HflD<k5iC*8©*IS«l-«*tt«^ & 
BRICtt, NMO S 3 >f J:^PMO 

[0144] mmm#tz\t* **fcis«teWM« 

RRSJ:tto80^«K«*BR*&. RBfclM* 
[0 1 4 5] *tC. B9 0**WC«*RB©RBHB 

*ttBfck S7osm **iH4B8a>»B#ifc«* 

RBaBilttffl r 1 * J;tfiBK»m t 2 SrSKSffJH*!::. 

**<-r*fca&K* »9©X»«K:«*RBT?tt. 01 
7«C*TJ:3fc, HI 5fc5*Ufc®»l::S6fc* S3<0 
3>^>tM 5-363B3 0>;W srfBBl 7-3£:frUT 
BlOflWBl 1ACJWU ^4COr3>r>1tl 5-4 
£»4©X-f yfHH 7-46#LT»2 0>«-**» 1 1 
B *bT, »303>f>*l 5-3CNM 

OS3>r^2 5£Rtt* S40a>r>^l 5-4IC 
NMOS3>r>1t2 5^t^ S&fcW3 0>X'f y 

OX-fyfHBl 7-4^^2<D^-Hm^VM2-CWW 

[0 14 6] £CD£5fc0ifcTfc*<i:* X-fy^HURl 
7-L 17-3#*>lftt«» tfi*«*»A©£fc±tf** 
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tWitTtf MOS3>r>^K*i:«tiS 

[0 14 7] B9 0*RMe«*KBaR{M» 

i^TRlM"*. B18tt. 0 1 7 iC^-TiiJSlHlK 1 
fftt»HT* (a) HttVMl=VSS,VM2=VSS <Z)<h£<DfbfE 
8fJ&0. (b) 0fcVMl=VCC,VM2=YSS ©fc* 
Bk (O 0«VM1=VSS,VM2=VCC OttS©»fP**H. 
20 (d) 0ttVMl=VCC,VM2=YCC <Dt$ <D»ft&mWV * 

[0 14 8] »lO«-HOTVMl, «2M 

-K«*VM2#£fefcVSSl/*Jl'T**£*©, » 

[VM1=VSS» VM2=VSS] 
VM1, »2OT-HWVM2^tl:VSSI/^ 
fl^SKBU BlOX-fyfHKl 7-l-i4«)M ^ 
^HB 1 7-4CDNMOS h^>i^X^ 2 8***tl*tU 

^ [0 14 9] isittfivX* 018 (a) CacTJ: 9 

» 7. B8©*««fc«*R«fcH«L am^vin 

©A*±lf*6B*«*VOUTC!>SCftTlf*TOai 

^VOUTOjfc-feJitf *T«>RaE»BB r 2©^tlir 
-f>/t-*i 3-1-1 3-3=RKJ:*BR*<»&*l 

[0150] B 1 (B^- KMVM 

"UV, ]B 2 )«OTVM 2 S S t 

20 [VMl=VCCv VM2=VSS] ^lM^Kfflf 
VMlOTCCKW^l:H JUlOMy^BB 
1 7-l*J:tfB3 0X-f y^BKl 7-3ONM0S 

>v?x^2 8^n j en^>u jsi©3>f>*i5 
-l^itfUaoa^vU'i 5-2#tnftu Bio« 
«m i AiiitRsn*. 

[0 15 1] ZOttttTli. 016 (b) C7j**r<fc5 

©SttTtffc. -f>/t-*l 3-1— Rfc«fc*iIKfc. » 
3C0H>x>iM 5-3WNMOS3>f^2 5 

[0 15 2] A^fi^V I N©SCSTW6. « 

JgtC, »103>T>#1 5-10PMOS3>f>H"2 

6 oRBK J:«BB3W»t>*. 

[0 15 3] <fcoT, jgSPtWr 1KB. 1 
3-i~i3-3Z»:J:*ai- -90NMOS3>f 
>-tJ-2 5CDS«;c<t'6iSM&lJPAfet>CO^€>n. j85£ 

l«m r 2 fctt. -f>/t~* 13-1-1 3 -3HRfc«fc*B 
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(14) 

25 

CO 1 5 4] &\Z* »10^-HfS#VM 1#VS SI/ 

[VMl^VSS, VM2=VCC] m2a> ^ £-^ ^ {§^f 
VM2ri^VCC^'^J^tf>££iwW^ m20^-f y^BR 
1 7-2*5cfc^4(OX^^5 1 lBJKl 7-4CDNMOS 
>v?X^2 8^nHpn^>L, S2©a>?>f 15 
-2feJ;^m4<7)3>7 s >iJ-l 3I2CD© 

[0 15 5] ciottteTttu 014 (c) ir^-T^a 10 

*>±tfic -f wi— * 1 3-2— aicckasst::* 

3>7 f >**l 5-2(DPMOS3>t^2 6<DftSKc*; 

[0 1 5 63 *fc* W^m^V I N<Z>£*>±tfa^ ffl 
^m^BCDSf&TtfJC. >A*-*1 3 -2HS: 
Mil, fg4<Z)n>^>1t 1 5-40NMOS3>r>^2 

5 <0*«R:J:*»S3WSIt>*. 

[0 15 71 J:oT, IlMr UCli, -f >/t— * l 
3-1— 1 3-3Hlft<li:SlSM^, — 0<DNMOS3>f 20 

Mr 2 ^ >A*-*1 3-1-1 3-3H&tC.*:*5I 

[0 15 8] #cK. miCO^r- H^VMh ^2OT 
-H©^VM2^^t>lCVCCI/^;H?*^i:#^ I* 

[VM1=VCC, VM2=VCC] SglCD*-K«^ 
VM1, *5^^2^-H«#VM2^t^lCVCC 

SlOX>f y^H&l 7-1-3I4© 50 
X-f y^HSKl 7-4ONM0S ^7>yX^ 2 8**^*1 

3 <Dn 1 5-2^n*n. 25 1 a>{^® 1 

1 AIC«tt**U &2<DU>T>?1 5-2*5<fctf!&4 0 
n>^>-!t 1 5-4^n^*n, »2<0«W«1 IB |C» 

[0 15 9] ZKDttJBTfct 014 (d) lw**r«t^ 

oS^Ttft;:, -f>/t— * 1 3-1-aiCcfc^SMlC, ss 
3£>n>x>tM 5-3(7>NMOS3>7 i >tf2 5 0»« </0 

[0 16 0] Arttf^V I N<D&*Ttf^6> ffl 

Jl&m±<Dtt±.tf\z. 1 >rt-f> l 3-1— 
m\Z. fft 1 CD3>x>lM 5-lC0PMOSa>^>^2 

[0161] $e>tc ttwm^A^tt^Tt«^> ai* 

II, m2(DD>x>tM 5-2<OPMOS3>f>f 2 6 

oft® (c * zm&tmt>z. 

[0 16 2] ffi^ft^V I N<Z>&%±tffr5, ffl 50 
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rtm^Bttft-feTtfi::, -f >A-*l 3-2-Slc<fc*S 
jffilC. i4(D3>r>^l 5-40)NMOS3>t>^2 

[0 16 3] <fcoT. ffiEKMr 1 *5<fcl«gMI$ra r 2 

-f yn—9i 3-1-1 3-3H&i;:<fc*ig£ 

-O0NMOS3>t>^2 50ft«IC«t^>aS 
tb. — 0©PMOS3>r>f2 6<Bft*t;:£*S5£<i: 

[0 1 6 43 £<D&o\z&9<D$z&mzm2>&m\t* 3S 
7. SS8<B^ffi0>JK:«*£ek:*t^ «©$rflr 

£Uttf><fc5l::» ±^l-^6^jS6^lc»*»ffi 

[0 16 5] «*«ffitt#tt*t*S^aKHR* 
[0 16 61 ±g2Sg7-»9 0*BfiWlC#*IS» 

mnmiz&mi>* mm&M*m&'t*iz!!>iz* 

[0 1 6 73 3 >x >*tf 1 5OM0S3>f> 

■fr, X-f y^tslfcl 7CDMOSn>x>1*<0«geSHi, 

fc. ±f2»l-K6^JiWlC«^K«*lftttT^i:^ 

[0 16 8] lfttt«iS«fiE^, WtfiEOftKIG 

[0 16 9] PUAtfEll o«c«, vcct>^-^ 

oir^-rvcc*fe>^-^*jE«. aqBu^piwifi 

[0 17 0] d0>«fc5K-r*di:T, ^KI5ffl<0-tr>^ 
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«8B¥8 -34 0 2 3 8 



27 

[0 17 1] 

tf. jgJ|l»|HI<3!>«iB«£Eft#tt«r'J^<Te*affi@» 
££tr#«#m«tt£]Bl£B£, BMt^-KlCjSDT, il 

[01] B 1 «CO»W<7)|glC0^jSS«^5)^*^ 
tft[I]tt3£B£5Vrig-e* (a) Htt^Dyf H, (b) 
BteiSMlH]&0>isIK0. (c) 0titt&[ElftcD[EJ&0. 

[B2] H2ttJlO58^O»l(0*JSWIC««¥«l<«» 

[0 3] H3ttr<DJ6M©»2©a*Wc«**W#* 

«l«ttolll»IBitttBEt©Wt«TH. 

[0 6] ■6aC0M0«3 0Mkf||lC««¥VfM 
(a) Btt«*»lo«tt*fif6Tif*t#OBi«*« 

(b) mtm*imioW£*tt±tf*±*v>w 
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[0 7 3 H7tt^o*wa>SB4o«»|fi»c«**ill** 
«©ftKB0>ii£liIft<Z>!B]ftB. 

[0 8] B8ttCC!>*?80JB4^**«lC«**W#» 
Wiai»KB<^jI30i^Mt*W«ffii:OH«*^rBI. 

[0 9] H9ttC©*M<0»5«)*16«lCfll**aM*:* 
BK§I»&&fi ; £r^*f 0T, (a) Bliyay?ft (b) 
0l&15£is]&4>[2]K0, (c) 01^^IEe]KcOIhISS0o 

[010] hi o\tc<D&w<Dmsv>mmw\z&2>¥m 
0* 

[0 1 1 ] 0 1 1 ttca>5fiWOJB 6 ©SttSMfcW*** 
#*WlslgS«BOtt«IlH]B<OIaI»0. 
[01 21 01 2ttCOJBW«>JB7©jW«lC«**» 



ft:a»{BlKSfi^y n * * 0. 
[013] 0 1 3 {10 1 2 Kift-rilJEHttOBKB. 
C0 1 4 ] 0 1 4 MB 1 3 K^-TS&S&CDKttMfcJ&S 
(a) 0«VMl=VSS,VM2=VSSOi:^<7)ftf^i6^0. 

(b) BBVM1=VCC. VM2=VSS <D 

(c) 0teVMl=YSS.VM2=VCC <7><h £<&»fe&ff*0, 

(d) 0teVMl=VCC.VM2=VCC <O££cDftf£&J£0. 

[015] 01 s\tz<D§&WDm8<D&mmz%z*m 

10 [0 1 6 3 0 1 6 \m 1 5 ICjft-raBilHlKOft^ifc »b 
T, (a) 0JiVMl=VSS,VM2=VSScDi^a)»f^^0, 

(b) 0teVMl=VCC,VM2=VSS 0^t<D»Mm 

(c) BttVMl«VSS. VM2=VCC CD<h £<Dlfrf£i&JB0, 

(d) 0teVMl=VCC.VM2=VCC <D££<O»ffci£J£0. 
[017] 01 7{Zz.<D9&ft<D%$<n&&m\zVh**m 

[bis] 0i8 asr i 7 (3^T3as®»o«iff&^0 

T, (a) 0ttVMl=VSS t VM2=VSSO^€TCO»jfpat^0, 

(b) 0fc£VMl=VCC, VM2=VSS <B t €t (014^86^0, 
^ (c) 0teVMl=VSS,VM2=VCC 0£*<&»flMft»H* 

(d) 0&VM1=VCC.YM2=VCC O<h£co»lfft£J&0. 

[01 93 01 9 H^OKKSIttOBKB. 

[02 03 02 0ttiBK*fWtaW«JEi:OM««r*"r 
0. 

9-*iB*JE*»*»B»» 11. 11 
A, 11B-U*B^ 13, 13-1, 13-2, 13 

15»0>f>t, 17- 
X-fyfB». 2K 2 1-1, 2 1-2. 2 1-3-Pft 
30 WiMOSh7>y^^s 2 3, 2 3-1, 2 3-2. 2 

*JI/SMOS3>r>^ 2 6-Pfv^SMOS3 
>?>th 2 7-P5 1 t^MOSh7>yX^, 2 

3 3, 3S»"f>;t-#, 4 1, 4 3 HEM. 



[02] 



[03] 



[011] 



(naec) 

a 

ra 



VIN : VSS-* VCC 
18*»11 : VCC-VSS 
(VOUT) 




P0 



VIN 




•h r 



-VCC 
VA31 
41 



J 



— VPS 



-42 



— VP6 



-43 
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(16) 
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111 



[04] 



V33 



VIN — - ^ 


aftetf 


VCC"^? 


^> 

7 










^9 



VOUT 



V1N- 



VP1- 



r" 


i 1 / 3 


i 
i 

11 
C 




^! i L 

3 | | Hf 


U 3 i 






5 


; vss- 

7 j 


J— — ' 


27 1 — Hfr 

25^ 
V33^ 


-j 

S 
! 

' k 15 

1 


|— 1 

i 

i 









-VOUT 



M 



9 — VCC 



31 
4-41 



33 j 35 j 



VP2 
VP1 



-vss 




[05} 

vcc-^9 

28j 



„ .... ^ ["Ul l„_ . 



VCC-P 13-2 



l23-2[ 



V-17-1 

I r i ^-"i J 

vss 



(rwec) 



ft 



5 



VOUT 



(1231 9] 



VIN " 



100 101 



- vcxir 



102 
103 



VIN : VCC-VSS 
fl*ttl1 : VSS-VCC 
(VOUT) 



VCCiPO 



i 



P0<VCC 




VP 1— VCC 
VP2-VSS 



VP 1= vss 

VP2—VCC 



PO 

«B«£VCC 00 

M6] 



(nsoc) 



VIN 


: VSS— VCC 




: VCC— VSS 


VOUT 


: VSS —VCC 




(nsec) 



E 



VIN : VCC-VSS 
: VSS- VCC 
VOUT : VCC-VSS 



. VGCiSPO 



PO<VCO 



VP1-VCC 
VP2=VS3 



VP1-VSS 

VP 2— VCC 



PO 

1S8EVCC (V) 
(b) 

[HI 2) 



3^ 
VIN — ^ 






VMlfl 


fVM2 




€- K 













^5 
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(17) 
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[0 7] 



VIN 




— VOUT 



VP1 



VP2 



[081 



[I2J9] 



(nsec) 



VIN :VSS— VCC 

<t%tt11A:VCC-*VSS 
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